Introduction
The alveolarType II pneumocyte is important in maintaining normal lung function, preventing alveolar collapse by the synthesis and secretion ofsurface active material (1, 2) , acting as a progenitor of alveolar Type I cells that are damaged during lung irjury (3, 4) , controlling fluid and electrolyte transport (5, 6) , and producing components of the extracellular matrix (7) (8) (9) . The Type II cell, therefore, plays an essential role in the homeostasis of the alveolar unit in health and disease.
Although it is possible to isolate and culture pure preparations of Type II cells from rodent (10, 11) and human lung tissue (12) , the study of isolated Type II cells is limited since these cells do not retain their cuboidal morphology when plated onto plastic. They lose lamellar body inclusions, their metabolic functions, and they dedifferentiate into intermediate or Type I cells (10, (12) (13) (14) . Neither do they divide in isolated cell culture (13, 14) . The normal morphology of Type II cells in vitro can be prolonged by plating onto exogenous extracellular matrices (ECM), such as laminin (15) , collagen gels (16) or basement membrane derived from cultured cells (15, 17) , and other sources (18, 19) . Furthermore, macrophage-or fibroblast-derived factors are thought to influence the differentiated function of Type H cells in vitro (17, 20) .
Such studies illustrate the interdependence of different cell types and ECM in normal cell morphology and function. Thus, the development of an in vitro model to study lype II pneumocytes must consider the close proximity of the alveolar epithelial cell to mesenchymal and endothelial cells and the ECM produced by these cells in situ. Although some of these factors have recently been investigated using rat Type H cells (7) (8) (9) 15, 17, (19) (20) (21) , there are few similar studies using human tissue (12) . In (Fig lb,c,d ; Table   1 ). The mean cluster size was significantly larger on day 8 compared to days 1, 2, and 3 (p < 0.01; 'Pble 1), but it was not different from day 5. The mean cluster size on day 5 was significantly larger than that on day 2 (p < 0.02; Table 1 ).
The clusters of cells also stained for cytokeratin. The clusters staining for cytokeratin and AP appeared to overlay negative staining cels which were composed of particle-laden macrophages and spindle-shaped cells (Fig lb-d) . The (Fig. 2b) . The lamel.lar bodies were dense and usualy monocentric until day 3 when, although stffl very dense, the number of multicentric lamellar bodies steadily increased (Mg 2c).
The lamellar bodies of the Type II cells were still present at day 5 (Fig 2d) , but the lamellar bodies were greatly decreased by day 8 and there were numerous vacuoles, some of which contained remnants of myelin figures (Fig 2e) . Lipid vacuoles similar to those observed in the cells prior to culture were present at day 8 (Figs. 2b,c) . In places there was basement membrane that separated the cell from the underlying connective tissue (Fig. 2j) . In some Iype II cells, microtubules were seen, and the collagen fibers were intimately associated with the surface membrane of the Type II pneumocyte (Fig. 2g) . Throughout the 8 days of culture macrophages were present, but these deteriorated in structure so that by day 5 they were mainly degenerate vacuolated cells (Fig. 2d) . Within the clusters of Type II cells there were cells without myelin bodies, that had microvilli, and were cuboidal in shape (Figs. 2d,e) . Only one Clara cell was positively identified by electron microscopy in this study. Scanning electron microscopy (SEM) showed clusters of rounded cells covered with microvilli characteristic of Type II pneumocytes. These were situated above flattened monolayers of spindle shaped cells that were spreading on the culture vessel. Macrophages were also observed above the spindle cells in the proximity of the clusters (Fig. 3) .
Discussion
In this study of cocultures of human alveolar Type II pneumocytes, alveolar macrophages, and spindle cells isolated from the same parent tissue, we observed the formation of clusters of lype II cells around a central core of connective tissue and above monolayers of spindle cells. Initially the Type II cells contained lamellar bodies, the contents of which were released via the apical surface into the culture medium. Most of these cells retained their cuboidal morphology during the 8 days of the study, although the number of lamellar body inclusions decreased during this time. As the clusters increased in size without a decrease in cluster number, it is possible that the Type II cells were undergoing cell division in vitro. However, no mitoses were seen, and no further studies have been undertaken to confirm or refute this hypothesis.
The appearance by light microscopy of clusters of rounded AP+ cells above negatively stained spindleshaped cells suggested that the Type l cells had preferentially migrated to these regions and avoided glass and plastic. SEM, which provided a clear three-dimensional picture, confirmed the relationship of the clusters to the spindle cells. TEM confirmed that the cellular component of the clusters largely consisted of cuboidal lype II pneumocytes. Type II pneumocytes have been shown to retain their cuboidal morphology when cultured on various ECM substrates, in contrast to the loss of morphology and spreading seen on tissue culture plastic. In previous studies the substrates used were pure single components of ECM (9, 16) or complete ECM from cells of known origin (15) (16) (17) (18) (19) . However, in this study the exact source and composition of the extracellular matrix is unclear. The ECM may originally have been the fragments of connective tissue in the primary cell preparation. Alternatively, the spindle type cells, which adhere within 3 or 4 hr of plating, may have laid down sufficient extracellular matrix to later attract and encourage Type II cell aggregation. Spindle cells present in the core of the clusters as unidentifiable cells (Fig. 2d) may have continued to produce ECM. It is also likely that the Type II cells themselves synthesized and secreted connective tissue components. Collagen fibers were intimately associated with the surface of the Type II cells that contained abundant microtubules indicating the synthesis and secretion of macromolecules (Fig. 2g) . Furthermore, it appeared that the central core of connective tissue within the clusters was getting larger with time; basement membrane formation, found in the later cultures, was not present at an earlier stage (Fig. 2e) . Synthesis of basement membrane (16, 19) , as well as Type IV procollagen and fibronectin has been demonstrated in cultured rat ype II pneumocytes (7) (8) (9) (17, 20, 24 (9) . Thus, the Type II cells themselves remodel the connective tissue core that, in turn, promotes their normal morphology. Nevertheless, it is important to remember that a number of studies have shown a retention of Type II cell morphology on nonpliable extracellular matrices, implying that the nature of the substrate is a dominating factor in the expression of cell phenotype.
The NBT stain has been used to differentiate Clara cells from Type II cells isolated from rabbits (23) . This present study, using the same modified technique of Devereux et al. (23) , shows that human Type II cells and macrophages stain with this dye. NBT+ macrophages may reflect the reduction of NBT by the products of high levels of diaphorases and superoxides produced by activated macrophages from smokers' lungs (25) . It is also possible that products of the reaction of high levels of alkaline phosphatase with endogenous or exogenous substrates would reduce NBT to give a positive result (26) . This would explain the present observation of NBT+ Type II pneumocytes and macrophages.
Summary
An in vitro model of human Type II pneumocytes cultured with spindle cells and macrophages from the same sample of human lung has been established. Clusters of cuboidal Type II cells are formed around a core of connective tissue on the surface of spindle cells. The Type II cells remain cuboidal for 8 days in culture, although the number of lamellar body inclusions decreases. The clusters increase in size; we suggest that this might be due to cell division, possibly under the influence of factors released by the other cells. This model needs to be studied further to establish whether active metabolism is occurring in these cells and whether they are undergoing division.
